Summary Mortality up to 1 January 1983 has been studied in 14,106 patients with ankylosing spondylitis given a single course of X-ray treatment during For leukaemia there was a threefold increase in mortality that is also likely to have been due to the radiotherapy. The relative risk was at its highest between 2.5 and 4.9 years after the treatment and then declined, but the increase did not disappear completely, and the risk was still nearly twice that of the general population more than 25.0 years after treatment. There was some evidence that the risks of acute myeloid, acute lymphatic, and chronic myeloid leukaemia were all increased, but no evidence of any increase in chronic lymphatic leukaemia. The relative risk appeared to be greatest for acute myeloid leukaemia.
For leukaemia there was a threefold increase in mortality that is also likely to have been due to the radiotherapy. The relative risk was at its highest between 2.5 and 4.9 years after the treatment and then declined, but the increase did not disappear completely, and the risk was still nearly twice that of the general population more than 25.0 years after treatment. There was some evidence that the risks of acute myeloid, acute lymphatic, and chronic myeloid leukaemia were all increased, but no evidence of any increase in chronic lymphatic leukaemia. The relative risk appeared to be greatest for acute myeloid leukaemia.
For colon cancer, which is associated with spondylitis through a common association with ulcerative colitis, mortality was increased by 30%.
For non-neoplastic conditions there was a 51% increase in mortality that was likely to be associated with the disease itself rather than its treatment. The increase was apparent for a wide range of diseases and was not confined to diseases that have been associated clinically with ankylosing spondylitis.
Court Brown & Doll identified over 14,000 patients with ankylosing spondylitis who had been treated with Xirradiation at some time between 1935 and 1954 at any one of 87 radiotherapy centres in Great Britain and Northern Ireland. Initial reports analysed mortality in these patients from leukaemia (Court Brown & Doll, 1957) and other cancers (Court Brown & Doll, 1965) and related the incidence of leukaemia to the dose received. These analyses included many patients who had been treated with X-rays for their spondylitis more than once and it was not clear whether the increase that continued for many years should be attributed to the first or subsequent courses. When Smith & Doll (1978; 1982) reported on the follow-up of the patients to 1970, they avoided this difficulty by restricting the analyses to patients who had received only a single course of treatment. Their analyses showed that, when the mortality of the spondylitic patients was compared with that of the general population, the relative risk of leukaemia was at a maximum 3-5 years after treatment and subsequently declined. For other cancers of sites judged to be heavily irradiated, the relative risk was at a maximum 9-11 years after treatment and then declined to less than one after 24 years. Only a small proportion of patients had been followed beyond 20 years, however, and the decreasing trend in relative risk for these other cancers more than 11 years after treatment was not statistically significant. We have, therefore, sought to find out how long the increased mortality from leukaemia and other cancers persisted following X-ray treatment by extending the follow-up of patients who received only a single course of treatment by a further 13 years and have related the increased mortality to organ dose. We report here only the data for total and organ specific mortality and have deferred discussion of the complex relationship with dose to a later report.
Material and methods

Study population andfollow-up
A total of 14,554* patients was included in the study. Four hundred and forty eight patients were excluded from further analysis because they had received radiotherapy for their spondylitis before being entered into the study (405), or they had received thorium treatment before, or simultaneously with, their first course of radiotherapy (5), or their date of birth was unknown (38) ( Table I) .
Follow-up information about the remaining 14,106 patients was sought from the National Health Service Central Registers. For persons who could not be found on the Registers, letters were sent to radiotherapy centres, general practitioners, or individual patients. All but 171 patients (1.2%) were traced in this way to their death, date of emigration from the United Kingdom, 1 January 1983, or 18 months after a second treatment course with radiotherapy or thorium. Re-treated patients were retained in the study for 18 months after re-treatment because some patients may have been re-treated for symptoms attributable to cancer which were misdiagnosed as a recurrence of their spondylitis. Any solid cancers induced by the re-treatment are unlikely to have appeared and caused death in this short interval. For leukaemia, however, the interval between radiation exposure and resulting death may be less than for solid cancers, and deaths from this cause occurring after a second treatment were included only if they occurred within the following 12 months (see below).
By 1 January 1983 just over half the patients had been retreated and 346 had emigrated (Table I) . A total of 2,983 patients were alive and living in the United Kingdom and For all but three of the patients who had died, the causes of death were obtained from death certificates or drafts of particulars to be registered. For the remaining three patients, two of whom had died while temporarily abroad, the cause of death could not be discovered. For deaths occurring before the end of 1970, the underlying cause of death was coded according to the 7th revision of the International Classification of Diseases, Injury and Causes of Death (ICD) (World Health Organization, 1957) while later deaths were coded to the 8th revision (World Health Organization, 1967) .
Method of analysis
Person-years at risk were computed by entering each patient into the study on the first day of his or her first treatment course and removing him or her eighteen months after retreatment, on the date of death, emigration, loss to followup, or on 1 January 1983, whichever was the earliest. If only the year in which an event took place was known, it was assumed to have taken place in the middle of the year. Person-years were calculated separately for males and females in each five-year age group up to 85 years in the calendar period 1935-40, in each quinquennium from 1941-5 to 1971-5, and in 1976-82 . For each cause of interest the number of deaths expected was calculated by multiplying the person-years at risk by the corresponding age-sex-and period-specific mortality rates for England and Wales. Mortality rates were taken from the tables published by Case et al. (1976) and by the Office of Population Censuses and Surveys (1975) , or compiled from the annual reports of the Registrar General for England and Wales. For leukaemia, death rates prior to 1968 were compiled using published data (Court Brown & Doll, 1959) (Pearson & Hartley, 1976) .
We have presented most of our results in terms of relative rather than excess risks, but in the tables person-years at risk are included, as well as observed and expected deaths, so that excess risks can also be calculated.
Results
Neoplastic disease
In previous reports (Court Brown & Doll, 1965; Smith & Doll, 1982) Neoplasms other than leukaemia or colon cancer. There was a 28% increase in neoplasms other than leukaemia or colon cancer, which was statistically highly significant (Table II; P<0.001). The relative risk for males was higher than for females but the difference was not statistically significant (Table II; x2 (1 df)=0.03, P>0.0). When observed and expected deaths were examined by time since first treatment in 2.5 year intervals, the relative risk was high (1.57) in the first 2.5 years but fell to just over 1.1 in the period 5.0-7.4 years after treatment before rising again to above 1.5 between 10.0 and 17.5 years after exposure (Table III) . More than 17.5 years after treatment the relative risk declined, and the trend was highly significant (X2 (1 df trend 10.0-12.4 years...,_ >35.0 years)= 12.65; P<0.001). From 25.0 years after treatment the number of observed deaths was only slightly greater than the number expected (178 against 166.56) and, for this period, the relative risk was 1.07 with 95% confidence interval 0.92 to 1.24. When the analysis was repeated for cancers of heavily irradiated sites, as defined in the previous report (Smith & Doll, 1982) , a similar pattern was obtained.
Some of the tumours presenting soon after treatment may have caused the symptoms that were incorrectly ascribed to spondylitis, so that these early observations should be excluded from any assessment of the effects of the treatment (Smith & Doll, 1982) . The early excess is limited to the first 5 years after treatment, after which the relative risk is, for a short period, close to 1.0 (1.12 in the period 5.0-7.4 years). We have, therefore, shown the results for individual cancer sites separately for the first five years following treatment (Table IV (Darby et al., in preparation), but we note now that the estimates of the mean doses to the oesophagus and main bronchi were substantial, of the order of 5 Gy (500 rad), and the skeletal dose was of the order of 3 Gy (300 rad). Similarly, although a dose to the lymph nodes has not been estimated, the mediastinal lymph nodes were directly in the beam for many patients and thus received a high dose. The dose to the breast has not been estimated directly but assuming that it is likely to be about one quarter of the lung dose leads to an approximate figure of 0.5 Gy (50 rad). The relative risk observed is perhaps surprisingly high in view of the lack of increase in women who were irradiated in middle age in Hiroshima and Nagasaki and deaths for which the cause was not known. 00r t.
Ct - 'IO who received comparable doses (kerma doses of between 0.1 and 1.00 Gy (10 and 100 rad)) (Tokunaga et al., 1984) . It is possible however that women patients who were irradiated on account of their spondylitis may have tended to remain nulliparous or delay their first pregnancy compared with other women, which would cause them to have a higher risk of breast cancer than the national figures suggest (MacMahon et al., 1973) . Twenty-one of the 22 observed deaths from tumours of the CNS other than the spinal cord occurred in the brain. The mean brain dose is estimated to be relatively low, under 0.15 Gy (15 rad). One possible explanation of the observed increase in deaths attributed to brain tumours is that brain secondaries from a primary growth in the lung are commonly misdiagnosed as primary brain tumours. Thus the excess of lung cancer and the misclassification of brain metastases from lung cancer may have generated an apparent increase in brain cancer.
In Table IV results for the period more than 25.0 years after treatment are shown separately from those for the period 5.0-24.9 years. In the later period, there was a statistically significantly raised relative risk only for cancer of the oesophagus, and the variation between the remaining sites was not significant (X2(22df)=23.48, P>0.10, but P < 0.05 for departure of oesophagus from overall mean).
The relative risk for all neoplasms, other than leukaemia and colon cancer, during the period 5.0-24.9 years after treatment (1.38) is significantly higher than that for later periods (1.07) and the result is unchanged after standardization for site of origin of the tumour ( I2 (1df)= 7.67, P<0.01 unstandardized; x2 (1 df)=7.72, P<0.01 standardized).
Approximately 40% of the deaths in each time period were from lung cancer. If lung cancer is excluded, the pattern among the remaining sites is broadly similar, although the relative risk in the period 5.0-24.9 years after treatment (1.38) is not significantly different from that for 25.0 years onwards (l.15) (X2 (l df)=2.45, P>0.10).
In Table V the numbers of observed and expected deaths from neoplasms other than leukaemia and colon cancer in the periods 5.0 to 24.9 and more than 25.0 years after first treatment have been divided into five groups according to the age of the patient when first treated. In all five age groups the relative risk more than 25.0 years after first treatment is lower than that in the earlier period, and in no age group is the relative risk significantly increased in the later period. After standardization for age at first treatment, the relative risk in the period 5.0 to 24.9 years after first treatment remains significantly different from that for the period more than 25.0 years after first treatment (X2 (1 df) = 8.94, P <0.01). In the period 5.0 to 24.9 years after treatment there is some tendency for the relative risk to be higher in patients treated at younger ages, but the trend with age is not quite significant (X2 (1 df)= 3.38, 0.0>P>0.05).
In Table VI the numbers of observed and expected deaths from neoplasms other than leukaemia and colon cancer in the periods 5.0 to 24.9 and more than 25.0 years after treatment are shown separately for males and females. For neither group is the relative risk in the later time period significantly increased. The relative risk in the period more than 25.0 years after first treatment remains significantly different from that for the earlier period after standardization for sex (x2 (1 df) = 7.72, P < 0.01).
To investigate further whether the apparent decrease in relative risk with time since exposure for neoplasms other (Table II) . This increase, which is statistically highly significant, (P<0.001), was greater, but not significantly so, in men than in women (X2 (1 df)=0.98, P>0.10). The relative risk was highest 2.5-4.9 years after treatment (Table III) given on the death certificate. For a further 8 the type could be determined more precisely from the case notes than from the death certificate, but there was no conflict between the two. For 3 deaths the type of leukaemia was described less precisely in the case notes than on the death certificate, but there was no direct conflict. For the remaining 4 deaths (with certified types, acute lymphatic (1), chronic myeloid (1), and unspecified lymphatic (2)) the type of Ieukaemia described on the death certificate was contradicted by the case note information, and in 3 of these the case notes led to a diagnosis of acute myeloid leukaemia.
Review of the case notes and biopsy specimens of 5 of the 7 patients whose cause of death was given on the death certificate as aplastic anaemia showed that death was actually due to leukaemia in a further 2 patients (who died at 2 and 4 years after first treatment for spondylitis) (Court Brown & Doll, 1957; Smith & Doll, 1982) . Leukaemia was also recorded on the death certificate, but not as the underlying cause of death, for 5 other patients (who died at 5, 6, 10, 12, and 32 years after first treatment) (Smith & Doll, 1982) . No data for the study period as a whole are available for deaths in England and Wales with leukaemia mentioned on the death certificate but not as the underlying cause, nor is there information on the number of deaths from leukaemia that were certified as due to aplastic anaemia, or the number of deaths certified as due to leukaemia when leukaemia was not, in fact, the cause. We therefore assumed that the ratio of the number of such deaths to the number of deaths for which leukaemia was certified as the underlying cause was the same as we observed in the study series. To estimate the expected number of deaths with leukaemia mentioned on the death certificate we multiplied the expected number of deaths certified as due to leukaemia by 45/39 (see Table III ). This procedure could not alter the overall estimate of relative risk from that given by the analysis based on leukaemia as an underlying cause only, but it could alter the estimate at different periods since treatment and, in fact, it increased the relative risk in the period between 1.0 and 14.9 years after treatment slightly from 5.01 to 5.53, with corresponding decreases earlier and later.
Observed and expected deaths one or more years after first treatment by type of leukaemia as recorded on the death certificate are shown in Table VIII . These results are difficult to interpret as the type was incompletely specified for one third of the observed deaths and for one fifth of those expected. Nearly half the deaths were certified as due to acute myeloid leukaemia. This is the specified type with the highest relative risk and the only one for which a significant increase was recorded overall (P<0.001), although there was a significant increase in deaths from chronic myeloid leukaemia in the period 1.0-14.9 years after treatment (P<0.05). Only two deaths were certified as due to chronic lymphatic leukaemia, and this was less than the number expected (2.38). For all types other than chronic lymphatic leukaemia, unspecified lymphatic leukaemia and unspecified chronic leukaemia, the relative risk in the period 1.0-14.9 years after first treatment course was greater than later, although for acute myeloid leukaemia the increase continued (Court Brown & Doll, 1965; Smith & Doll, 1982) , the causes of death have been grouped into 4 classes (Table X) . Class A consists of ankylosing spondylitis and other musculo-skeletal disorders, some of which might give rise to diagnostic confusion with spondylitis. A wider grouping of these diseases had to be considered than previously, due to changes from the 7th to the 9th revision of the ICD, which was used for the national rates in the last few years of follow-up. Class B consists of diseases that are clinically associated with ankylosing spondylitis (Hickling & Wright, 1983) . No death was certified as due to amyloid disease, which is known to be a complication of spondylitis, although it was mentioned on 10 death certificates, and 57 deaths were attributed to nephritis (which is commonly due to unrecognized amyloid disease in spondylitics) against 18.42 expected. As in the earlier follow-up of this group, the numbers of deaths from every cause in Classes A and B (apart from amyloid disease) were significantly greater than expected (P<0.001 for each group except non-rheumatic chronic endocarditis, for which P<0.01). As expected, the largest proportionate increases were for ankylosing spondylitis, other musculo-skeletal disorders, and ulcerative colitis. For all diseases in Class A combined the ratio of observed to expected deaths was similar in men and women, but when ankylosing spondylitis was considered on its own, the ratio for women was significantly greater than that for men (X2 (1 df)=6.95, P<0.01). For each of the diseases in Class B the ratios took similar values in the two sexes, and the differences were not statistically significant (P>0.10 in each group).
Class C includes neoplasms and aplastic anaemia. The former have been commented on previously. The latter was the certified cause of 7 deaths, whereas less than one was expected (0.96). No further information beyond that given on the death certificates could be obtained for two patients who died respectively 18 and 20 years after exposure. Review of the notes and marrow biopsy specimens showed that two cases would have been better described as aleukaemic leukaemia (cases 32 and 41) (Court Brown & Doll, 1957) and that one (case 44) (Court Brown & Doll, 1957) Class D consists of all other causes of death, for which it was originally thought that mortality might be close to normal among patients with spondylitis (Court Brown & Doll, 1965) apart from a few extra deaths due to spinal injury. Previous studies (Court Brown & Doll, 1965; Smith & Doll, 1982) , however, have reported an increase in all disease groups in this class, and this is confirmed by the present data based on longer follow-up (Table X) . The proportionate increases for each of the individual diseases considered were less than for any of the diseases in Class B, other than amyloid disease. For all diseases in Class D combined, the ratio of observed to expected deaths was greater for women than for men (X2 (1 df)= 7.00, P<0.0I), but only for other circulatory disease was the difference statistically significant (X2 (1 df) = 4.76, P < 0.05). Previous analyses of the mortality among patients with ankylosing spondylitis treated with X-rays (Court Brown & Doll, 1957; Smith & Doll, 1982) . Thus the present results suggest that radiation treatment increases the risk of death from cancer during a period that starts about 5 years after exposure, and that the proportionate increase in risk reaches a maximum about 10 years after the exposure and then gradually decreases. This is the first large study to suggest an apparent end to the effects of exposure to radiation for neoplasms other than leukaemia and the possibility must be considered that the findings are spurious. We have already shown that this result cannot be explained as due to the variation with time in the types of cancer observed nor to the progressive attenuation of the older members of the population irradiated relatively late in life. There is also evidence that patients who survived and remained in the study for 25 years after the initial treatment received doses that were no lower than those who did not. The average estimated total body dose in patients who remained in the study for less than 25.0 years is 1.87 Gy (187 rad), while for those who remained in the study for longer it is 2.04Gy (204 rad) . Inadequate ascertainment of death in the later period of follow-up, resulting in the erroneous assumption that some patients who had died were still alive, would also cause the appearance of a spurious decrease in relative risk with increasing time since treatment. In order to investigate the possibility that this might have happened, mortality from all causes of death other than neoplasms was tabulated by age at observation and calendarperiod (see Table XI ). For the total follow-up period, the relative risk was greatest in individuals in their late twenties in whom it reached a value of 3.03 and then declined. However the decline did not continue into old age, and above the age of 65 the relative risk remained approximately constant with age, at about 1.24. In the last five calendar years of follow-up the pattern was similar to that seen in earlier years, and in the 65-84 age group the relative risk was 1.29, slightly greater than the value of 1.22 seen in previous years (Table XI) . These findings provide no evidence of inadequate ascertainment of death in the oldest age groups in this study.
After the initial course of treatment it seems likely that the relative risk from neoplasms other than leukaemia or colon cancer was inflated for about 5 years by tumours that caused symptoms for which the treatment was given. A similar pattern might be expected after re-treatment, and following re-treated patients for a further 18 months only may have caused a slight underestimation in relative risk. For retreated patients, however, the average time between the first and second treatments was only 2.0 years and only 6 patients were known to have received a second treatment more than 22 years after the first. The fact that we have not followed re-treated patients for a full 5 years after their second treatment cannot therefore have affected the results in the period more than 22 years after the initial treatment. Thus, investigation has not revealed any evidence to suggest that the present findings can be explained in any way other than by the effect of the irradiation having effectively ceased or, at least, materially diminished.
It does not necessarily follow that the same pattern of relative risk with time since exposure will hold for every type of cancer other than leukaemia, and there is already some evidence of heterogeneity between the patterns for the individual sites. A parallel analysis has been carried out of data from the earlier follow-up of this group of patients with mortality up to the end of 1978 in Japanese atomic bomb survivors included in the Life Span Study (LSS) who received total doses of at least 1 Gy (100 rad) . In that analysis, when mortality from a selected group of solid tumours was compared with mortality from those same sites in the LSS, the trends in relative risk with time since exposure were not significantly different, and when data from the two studies were combined, they were consistent with a model in which the relative risk did not vary between about S and at least 30 years following exposure. The sites selected for this comparison consisted of pharynx, oesophagus, stomach, pancreas, larynx, lung, ovaries, skin, and bones (excluding jaw and nose). In the LSS, however, for neoplasms other than leukaemia or tumours of the selected sites, the relative risk of mortality increased with time since exposure, even after adjusting for age at exposure , and the overall trend was significantly different from that seen in the two studies for the selected sites. Although the numbers of deaths were too few for the increasing trend in any individual site of cancer to be significant statistically, cancers of the bladder, colon, and liver and gall-bladder were the chief contributors . Three of the four deaths from multiple myeloma in the high dose group also occurred more than 25 years after exposure (Radiation Effects Research Foundation, 1980) . In the spondylitis patients multiple myeloma and cancers of the bladder and liver were among the few types of cancer for which higher relative risks were observed more than 25 years after exposure than in the earlier period (see Table IV ).
In a large international study of the incidence of second cancers in women treated with radiation for cervical cancer, the relative risk for cancers of sites close to and at intermediate distances from the cervix also increased significantly with time since treatment, and the increasing trend lasted for at least 30 years following exposure (Boice et al., 1985) .
There were significant increases in relative risk with time since exposure for a number of individual cancer types including multiple myeloma and bladder cancer. Thus all three studies are consistent with a very long term increase in risk following exposure to radiation for these two diseases. The remaining sites of cancer for which the relative risk increased significantly with time since exposure in the cervix cancer patients were corpus uteri, ovary, and rectum. For the first two of these sites there is little information in the spondylitis series as it includes so few women, while for the rectum there was little evidence of an increase in any time period. Thus some, at least, of the apparent discrepancies between the overall patterns of relative risk following radiation exposure found in three large studies may have arisen because different groups of cancer types were examined in each study, and they disappear when the individual types of cancer are considered. When all three studies are considered together there are now starting to be enough data to distinguish different temporal patterns of radiogenic risk between the different cancer types as well as for leukaemia.
Age at irradiation did not, in our study, significantly affect the relative risk of mortality fron neoplasms other than leukaemia or colon cancer, although during the period 5.0 to 24.9 years since exposure the relative risk did fall progressively from 1.97 at ages under 25 years to 1.16 at age over 55 years (Table V) . In the LSS a significant decrease in relative risk with increasing age at exposure occurred, but this was chiefly due to the high relative risk in those aged under 15 at exposure, with only a slight trend apparant among those exposed at older ages . In the spondylitic series there were no patients aged under 10 at exposure, and only 16 in the age range 10-14. At older ages the two sets of data are in close agreement.
Leukaemia
The extended follow-up of the spondylitis patients has confirmed the earlier finding that the increase in risk of mortality from leukaemia reaches its maximum within 5 years of commencement of radiotherapy, and then declines (Smith & Doll, 1982) . This finding is consistent with results of the LSS, although in that study follow-up did not begin until October 1950, so no data for this cohort are available for the first 5 years after the bombings. The earlier spondylitis data (Smith & Doll, 1982) were consistent with the increase in leukaemia having ceased by 18 years after treatment, but the extended follow-up indicates that the period of increased risk is longer than this (Table VIII) and is in agreement with results from the LSS where the relative risk more than about 30 years after exposure is still around 2 . The finding that the relative risk more than 25.0 years after the first treatment is slightly greater than in the previous 10 years is unexpected, and could be due to the play of chance, as the total numbers of deaths from leukaemia in the periods 15-24 years and more than 25 years after treatment are each only 7. Another possible explanation might be that some of the leukaemias occurring in the later period of follow-up were due to treatment of the spondylitis by drugs as at least one of those that are commonly used (phenylbutazone) is possibly leukaemogenic (International Agency for Research on Cancer, 1977) . It should be noted too that the only death certified as due to leukaemia which on review of the clinical and haematological evidence appeared not to be due to the disease, occurred 32 years after first irradiation. The further followup has confirmed the earlier finding that neither the magnitude nor the temporal pattern of the leukaemia relative risk are greatly influenced by the age of the patient when first treated (Table VII) .
It is impossible to draw firm conclusions from the analysis of observed and expected deaths by type of leukaemia as recorded on the death certificate, due to the large proportion of both observed and expected deaths for which the type was incompletely specified. The results are, however, in accordance with earlier suspicions that the relative risk of acute myeloid leukaemia following exposure to radiation may be greater than for other types of leukaemia (Darby, 1985) and they confirm the belief that chronic lymphatic leukaemia is much less readily inducible by radiation than the other types (Court Brown & Doll, 1965; Darby, 1985) . It seems likely that the relative risk of acute myeloid leukaemia increases with age at exposure whereas there is no such tendency for this to occur with the other types (Table IX) . When expressed in terms of excess risk there is also a steep rise in rate with increasing age at exposure for acute myeloid leukaemia and little or none for other leukaemias. (The excess risks per 100,000 years at risk in age at treatment groups: <25 years, 25-34 years, 35-44 years, 45-54 years, and . 55 years were: -1. 5, 4.0, 11.7, 16.5 and 26.4 for deaths certified as acute myeloid leukaemia, and 2.0, 6.6, 3.7, 12.6 and -12.7 for all other types of leukaemia apart from unspecified myeloid leukaemia.) These findings are in accord with recently published data from the LSS in which the annual incidence rate of acute myeloid leukaemia among those with total dose of at least 1 Gy (100 rad) increases steeply with age at exposure from 2.4 per 100,000 in those aged under 15 at exposure to 36.8 in those aged over 45, whereas there was a slight decrease in incidence with increasing age at exposure for other types of leukaemia (Darby, 1985; Ichimaru et al., 1981) . In the spondylitis patients 47% of leukaemia deaths were certified as due to acute myeloid leukaemia, and the preferred diagnosis was acute myeloid leukaemia in two thirds of those whose case notes were reviewed. In the Japanese series, in contrast, among those with total doses of at least 1 Gy (100 rad), a definite diagnosis of acute myeloid leukaemia was made in only 36% of leukaemia deaths (with a further 20% in which the diagnosis is described as other types of acute leukaemia). The higher proportion of leukaemia deaths due to the acute myeloid type in the spondylitis series compared with the LSS accounts for the steeper rise in excess leukaemia risk with age at exposure in the spondylitics than in the atomic bomb survivors that has been reported in previous comparisons of the two studies Ichimaru et al., 1978; Smith & Doll, 1982) .
Diseases other than neoplasms For diseases other than neoplasms, the pattern of relative risk following treatment is different from that for neoplastic disease, with an increased level of risk still apparent 30 years after first treatment (Table III) . The high mortality is not confined to those diseases that have long been recognized clinically to be associated with spondylitis, but was observed also for all other groups of diseases, though to a lesser extent. A similar excess has, however, also been observed in unirradiated patients and should not be attributed to the treatment. This conclusion is strengthened by our finding that when the data were subdivided by age at observation the relative risk rose from 1.50 for subjects under 25 years of age to over 3 among those aged 25-29 and remained at above 2 until age 40-44 before declining (Table XI) . Since the age at clinical onset of spondylitis is, in the vast majority of cases, between 15 and 35 (Kelsey, 1982 ) the ages at which the relative risk was highest lag the ages at which onset is most likely to occur by about 10 years. In contrast, when the data were subdivided by time since first treatment, the relative risk tended to decline progressively from the time of first treatment and never exceeded 2 (Table III) . The increased risk for nonneoplastic disease is, therefore, more closely associated with the patient's age than with the time since first radiotherapy treatment.
The relative risk for diseases other than neoplasms was higher in women than in men (Table II) , but only 16.5% of this irradiated series were women, compared with 37% of the group of unirradiated spondylitics diagnosed during the same period . These differences may reflect a reluctance to recommend radiation treatment for women of childbearing age even before 1955, so that even though the disease is generally milder in women than in men (Kelsey, 1982; Radford et al., 1977) , it is worse in the irradiated series because of the selection of more severe cases for treatment.
